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Abstract

Introduction: Macroscopic hematuria is considered a significant risk factor for uro-
logic disease, and it is highly prevalent in people with hemophilia.

Aim: To determine whether prophylactic factor replacement therapy is associated
with reduced occurrence of macroscopic hematuria in people with hemophilia in a
post hoc analysis using data from a cross-sectional study conducted by the Age-
Related Developments and Comobordities in Hemophilia (ADVANCE) Working
Group that included males with hemophilia 240 years of age.

Methods: Data from 16 contributing centers, in 13 European countries and Israel,
were analyzed using logistic regression. Of 532 recruited individuals, this analysis
included 370 patients with moderate or severe hemophilia who received on-demand
or prophylactic therapy.

Results: For patients with a history of macroscopic hematuria, we analyzed the asso-
ciation between prophylaxis and reoccurrence of macroscopic hematuria within the
past 5 years (n = 235 patients). Frequent (23 times/wk) prophylaxis was negatively
associated with a recent episode of macroscopic hematuria (odds ratio [OR], 0.38;
95% confidence interval [Cl], 0.18-0.76). We also analyzed whether prophylaxis cor-
responded to a lower lifetime number of macroscopic hematuria episodes (n = 285
patients). Frequent prophylaxis for >15 years was associated with a lower number of
episodes compared to on-demand treatment (OR, 0.29; 95% Cl, 0.16-0.54), whereas
nonsteroidal anti-inflammatory drugs (NSAIDs) and severe hemophilia were associ-
ated with a higher number. There was no association of prophylaxis <3 times/wk with
hematuria.

Conclusion: Frequent prophylaxis was negatively associated with the number of
episodes of macroscopic hematuria in people with hemophilia. Prevalence of mac-
roscopic hematuria was higher among individuals with severe hemophilia and those
regularly using NSAIDs.
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Essentials

e Macroscopic hematuria is highly prevalent in people with hemophilia.

o We analyzed data from 370 individuals with hemophilia from 13 countries.

e Frequent prophylaxis for the past 5 years is associated with a reduced reoccurrence of macroscopic hematuria.

e Frequent long-standing prophylaxis is associated with fewer episodes of macroscopic hematuria than on demand.

1 | INTRODUCTION

Hemophilia is an inherited deficiency of factor VIl or IX that is asso-
ciated with recurrent and spontaneous bleeding. People with hemo-
philia use replacement therapy with clotting factor concentrates to
treat bleeding episodes. The most common regimes are on demand,
which is episodic replacement therapy in response to an acute bleed,
and prophylaxis, which is regular replacement therapy to prevent
bleeding.

Hematuria is the presence of blood or blood cells in the urine that
is either visible (macroscopic) or nonvisible (microscopic). Several
underlying conditions may cause hematuria, the most common
of which are inflammation or infection of the prostate or bladder,
stones, and in older patients, urologic malignancy.?® In the general
male population, reported prevalence of microscopic hematuria
ranges from 2.5%* to 20%° in high-risk patients undergoing urinary
dipstick screening for bladder cancer. As even a single episode of
macroscopic hematuria is considered a significant risk factor for uro-
logic disease,® macroscopic hematuria requires the involvement of
several specialists to investigate for an underlying disorder.

To our knowledge, there are few studies of hematuria in people
with hemophilia. Two important studies from the 1970s”® showed
that macroscopic hematuria is more prevalent in the hemophilia pop-
ulation than in the general population. Prentice et al” examined the
underlying renal function and structure in 35 people with hemophilia
(age range, 12-60 years) showing that 66% of the patients had a his-
tory of either severe or moderate hematuria. In a survey of the renal
status in 26 people with hemophilia (age range, 17-82 years), Beck
and Evans® reported a history of macroscopic hematuria in 69% of
the patients. Later studies confirmed the high prevalence of hematu-
ria among people with hemophilia.”*® Although usually considered
a benign condition,'* studies have found macroscopic hematuria as-
sociated with a reduction in renal function®® and an increased risk of
hypertension'!, comorbid conditions that may complicate treatment
in aging people with hemophilia.

Previous research has mainly considered hematuria and its as-
sociation with the development or presence of renal disease and
hypertension, and has not assessed the associations between dif-
ferent factor replacement therapies and macroscopic hematu-
ria. As several studies have identified macroscopic hematuria as a
risk factor for renal damage, an assessment of treatment that may
prevent hematuria is important. Using data from the Age-Related
Developments and Comorbidities in Hemophilia (ADVANCE)
Working Group's H3 Study,'? we examined whether frequent pro-

phylactic factor replacement therapy corresponded with a reduced

occurrence of macroscopic hematuria in this large cohort of people

with hemophilia.

2 | MATERIALS AND METHODS
2.1 | Data collection

The data set, consisting of 532 men aged 40 years and older, was col-
lected between June 2011 and September 2013 from researchers in
16 participating centers, in 13 European countries and Israel, where
Germany had 3 centers and Italy had 2. The study had an observa-
tional, noninterventional, non-product-specific, and cross-sectional
design. All data were gathered from consecutive patients attending
their routine clinical visit using a case report form and from labora-
tory data collected no earlier than 1 year prior to the clinical visit.
The case report form included items about patient characteristics,
demographics, past and current treatment, and medical history in-
cluding a lifetime history of comorbidities. A history of macroscopic
hematuria was recorded as either present or absent, as reported by
the patient. The lifetime number of episodes, and whether the last
episode of bleeding occurred <5 years ago, were determined from
a combination of patient recollections and review of existing medi-
cal records. Use of nonsteroidal anti-inflammatory drugs (NSAIDs),
including selective cyclooxygenase-2 inhibitors, for >3 months per
year was recorded as a history of regular NSAID use. Treatment was
classified as either on demand or prophylactic therapy. Duration of
treatment was categorized into 5-year intervals from <5 years to
>20 years of treatment, where the latter category included those
who started prophylactic therapy in early childhood. Patients with
any severity of hemophilia A or B, consenting to provide information
to researchers compiling epidemiologic data on the link between he-
mophilia, hypertension, and hematuria, were included in the study.
Respective national ethical committees or the institutional review

boards approved the study.'?'¢

2.2 | Study design and statistical analyses

In this post hoc analysis, we assessed the association between
macroscopic hematuria and treatment, comparing prophylactic
treatment to on demand. In contrast to people with moderate
or severe hemophilia, almost all individuals with mild hemophilia

received on-demand treatment. Therefore, this group could not
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contribute to explaining the association of interest, and hence only
individuals with moderate and severe hemophilia were included in
the analysis.

In this paper, we endeavored to provide evidence to answer the

following 2 questions:

1. Is frequent prophylactic treatment associated with lower odds
of macroscopic hematuria reoccurring in people with hemophilia
with a history of macroscopic hematuria?

2. Is frequent long-standing prophylactic treatment associated with

a lower number of episodes of macroscopic hematuria?

We conducted 2 separate analyses to answer these questions. In
Analysis 1, we analyzed reoccurrence of macroscopic hematuria in the
past 5 years. We limited the sample to patients receiving either on-de-
mand or >5 years of prophylactic treatment to know with certainty
whether they were on prophylactic therapy for the entire period during
which the relevant diagnosis could be set (see Figure 1 for sample se-
lection). To observe an association of prophylaxis with the number of
episodes of macroscopic hematuria, it is reasonable to require that the

treatment be of a minimum duration. From a clinical perspective, we
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have considered >15 years of prophylaxis to be long-standing treat-
ment and <5 years of treatment to be too short to observe a signifi-
cant association with number of episodes of macroscopic hematuria.
Therefore, on demand and <5 years of treatment together constitute
the reference level against which long-standing treatment was com-
pared in Analysis 2 (see Figure 2 for sample selection).

The frequency of prophylactic treatment ranged from 1 to 7
times per week, and prophylaxis was on average administered less
frequently for hemophilia B than for hemophilia A (2.4 vs. 3 times/
wk). Welch's unequal variances t-test showed that the difference in
average frequency between hemophilia A and B was significant. We
corrected for this by defining frequent prophylaxis as 23 times per
week for hemophilia A and 22 times per week for hemophilia B. No
patients in this cohort used enhanced half-life factor replacement
therapy.

We estimated a multivariable logistic regression model to ana-
lyze the dichotomous outcome variable in Analysis 1. For the ordinal
categorical response with 4 levels in Analysis 2, we estimated a pro-
portional odds model.

We used R version 3.6.0% for all analyses, and we considered a
2-tailed P value <0.05 to be statistically significant.

H3 study cohort
n =532

Mild hemophilia
n=161

Moderate or severe hemophilia

1 missing data on

n =370 severity

Level 2

On demand or prophylaxis

n =370

\\

~
Level 3 S

Macroscopic hematuria NO
n=112

Macroscopic hemturia YES
n =238

20 missing data on
macroscopic hematuria

Macroscopic hematuria
past 5 years NO
n=128

Macroscopic hematuria
past 5 years YES

3 missing data on

n=107 past 5 years

FIGURE 1 Patient selection for Analysis 1. The figure shows the filtering process that leads to the leaf nodes that constitute the levels of

the response variable in Analysis 1
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H3 study cohort
n =532

/,/ \\\
// Level 1~
/// \\\
. L - Moderate or severe
Mild hemophilia hemophilia 1 missing data on
n=161 n = 370 severity
g Level 2

On demand & prophylaxis < 5 years 14 missing data on

Prophylaxis 6-15 years
n =60

or prophylaxis > 15 years
n=2310

hematuria episodes
11 missing data on NSAIDs

Level 3

No episodes of
macroscopic hematuria
n=_88

<3 episodes
n =389

3 -10 episodes
n =59

>10 episodes
n =49

FIGURE 2 Patient selection for Analysis 2. The figure shows the filtering process that leads to the leaf nodes that constitute the levels of

the response variable in Analysis 2

3 | RESULTS
3.1 | Study population

The patients in the study population were 98% white, with median
age 51 years (range, 40-98). Of the 370 patients with either mod-
erate or severe hemophilia receiving either on-demand or prophy-
lactic treatment (Level 2 in Figure 1), 320 (86.5%) had hemophilia
A and 313 (84.6%) had severe disease. Table 1 shows descrip-
tive statistics grouped by severity of hemophilia. The majority
of patients with moderate factor deficiency received on-demand
therapy, while prophylactic therapy was the most common treat-
ment regime for patients with severe hemophilia. For patients with
moderate and severe hemophilia, more than 50% have experi-
enced an episode of macroscopic hematuria, with a higher average
number of hematuria episodes in the severe group. Following an
episode of macroscopic hematuria, 69% of the patients received
factor replacement therapy, 32% were hospitalized, 8.5% required
red blood cell transfusion, and 2.5% needed surgery. Twenty-three
individuals (6.2%) had inhibitors. Some of them failed treatment
with immune tolerance induction, but the majority (82.6%) were
never treated.

Table 2 shows characteristics of the patients selected for
analysis in Analysis 1 and Analysis 2. To highlight differences, we
compared the reference levels in Analysis 1 and Analysis 2 with
frequent prophylaxis of an appropriate duration. Under the header
Analysis 1, where all patients have a history of macroscopic hema-

turia (Level 3 in Figure 1), we compared on-demand with >5 years

of frequent prophylaxis, thus filtering out patients with other
treatments. The majority of the patients (51.6%) treated on de-
mand experienced hematuria during the past 5 years compared
to 25.5% on prophylactic therapy. Under the header Analysis 2,
we compared on-demand and <5 years of prophylaxis (reference
group in Analysis 2) to >15 years of frequent prophylactic therapy,
again excluding patients with other treatments (Level 2 in Figure 2).
Macroscopic hematuria occurred in 72.7% of the patients in the
reference group in Analysis 2, 20.6 percentage points more than
the group that received long-standing frequent prophylaxis. The
percentage of patients with >3 bleeds was approximately twice
as high in the reference group as in the frequent long-standing
prophylaxis group.

In Germany, the country that recruited most patients, 62% expe-
rienced macroscopic hematuria, and among the 60% receiving pro-
phylaxis, 41% had frequent prophylaxis. Austria, Slovenia, and Israel
had the highest bleeding rates. Although 73% of patients in Austria
used prophylaxis, it appears that frequent treatment is a recent phe-
nomenon. Israel was the country with the highest use of on-demand
(79%). Except for 1 patient in Greece, Norway and Sweden had the
highest fractions of long-standing frequent prophylaxis, followed by

Germany.

3.2 | Regression models

Table 3 shows results pertaining to the occurrence of macroscopic

hematuria obtained from multivariable logistic regressions. In Analysis
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severity of hemophilia Moderate Severe Total
n (%) n (%) n (%)
Type
Hemophilia A 43 (75.4) 277 (88.5) 320 (86.5)
Hemophilia B 14 (24.6) 36 (11.5) 50 (13.5)
Total 57 (100) 313 (100) 370 (100)
Measures
Age, median (IQR) 54 (46-65) 51 (45-58) 51 (45-59)
EGFR, median (IQR) 95 (83-102) 101 (90-109) 100 (88-109)
Treatment
On demand 49 (86) 138 (44.1) 187 (50.5)
Prophylaxis 8 (14) 175 (55.9) 183 (49.5)
Comorbidities
Hypertension 21 (36.8) 141 (45) 162 (43.8)
History of renal disease 1 (1.8) 15 (4.8) 16 (4.3)
NSAIDs 10 (17.5) 86 (27.5) 96 (25.9)
Macroscopic hematuria 31 (54.4) 207 (66.1) 238 (64.3)
<3 bleeds 18 (31.6) 85 (27.2) 103 (27.8)
3-10 bleeds 10 (17.5) 60 (19.2) 70 (18.9)
>10 bleeds 3 (5.3) 62 (19.8) 65 (17.6)
Past 5 years 16 (28.1) 91 (29.1) 107 (28.9)

Note: The columns of this table show descriptive statistics for patients with moderate hemophilia,
severe hemophilia, and the sum total. The numbers in parentheses report the number in the
neighboring left column as a fraction of the total number of patients in the corresponding severity

category.

Abbreviations: EGFR, estimated glomerular filtration rate; IQR, interquartile range; NSAIDs,
nonsteroidal anti-inflammatory drugs.

1, the response variable was whether a patient with a history of
macroscopic hematuria experienced another episode in the most
recent 5 years (Level 4 in Figure 1). Frequent prophylaxis was nega-
tively associated with macroscopic hematuria (odds ratio [OR], 0.38;
95%confidence interval, 0.18-0.76; P = .008), suggesting that frequent
prophylaxis reduced the reoccurrence of hematuria. In Analysis 2, the
outcome variable was the number of episodes of macroscopic hema-
turia, an ordered categorical variable with levels in ascending order
(Level 3 in Figure 2): no episodes, <3 episodes, 3 to 10 episodes, and
>10 episodes. The OR significantly <1 in this model suggests that
>15 years of frequent prophylaxis contributed to limiting the number
of episodes of macroscopic hematuria (OR, 0.29; 95% Cl, 0.16-0.54;
P <.001). In contrast, use of NSAIDs and severe hemophilia were both
associated with additional episodes of hematuria.

On average, macroscopic hematuria was more prevalent
among individuals with inhibitors. To assess the difference, we
reestimated the logistic regression coefficients in Table 3 after
excluding individuals with inhibitors. The association between
macroscopic hematuria and frequent prophylaxis weakened
only slightly by not including individuals with inhibitors (OR,
0.44; P = .03 in Analysis 1; and OR, 0.31; P < .001 in Analysis 2).
Qualitatively, the results were identical, and infrequent prophy-

laxis remained nonsignificant.

Chi-squared tests confirmed the inferences from the
multivariate regressions. For both models, Pearson's chi-
squared test rejected the null hypothesis of independence
between macroscopic hematuria and frequent long-standing

prophylaxis.

3.3 | Sensitivity of results to different cutoff values
for years of prophylactic treatment

In Analysis 2 in Table 3, we defined the reference level as individuals
who received on-demand or <5 years of prophylaxis. We compared
this reference level to patients who received >15 years of prophy-
laxis, the cutoff value we considered long-standing treatment based
on clinical experience.

In Table 4, we examined the robustness of the result for frequent
prophylaxis in Table 3 by estimating separate ordinal regression
models using the same variables as in Analysis 2 in Table 3, but with
different cutoff values for years of prophylactic treatment. Table 4
shows odds ratios only for the covariate frequent prophylaxis, with
rows corresponding to different patient groups included in the refer-
ence level and columns corresponding to different cutoff values for

duration of prophylaxis treatment. As the table shows, the results
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TABLE 2 Descriptive statistics by on-demand and frequent prophylaxis

Patients with a history of macroscopic hematuria (Analysis 1)

All patients (Analysis 2)

>5y On demand & >15y frequent
On demand frequent prophylaxis <5y prophylaxis prophylaxis
n (%) n (%) n (%) n (%)
Type
Hemophilia A 103 (84.4) 34 (72.3) 190 (86.4) 38 (79.2)
Hemophilia B 19 (15.6) 13 (27.7) 30 (13.6) 10 (20.8)
Total 122 (100) 47 (100) 220 (100) 48 (100)
Severity
Moderate 25 (20.5) 0 (0) 49 (22.3) 1 (2.1)
Severe 97 (79.5) 47 (100) 171 (77.7) 47 (97.9)
Measures
Age, median (IQR) 52 (46-62) 54 (45-58) 51 (45-61) 50 (45-58)
EGFR, median (IQR) 100 (90-110) 103 (89-108) 98 (86-107) 103 (89-111)
Comorbidities
Hypertension 52 (42.6) 17 (36.2) 92 (41.8) 19 (39.6)
History of renal disease 4 (3.3) 2 (4.3 9 (4.1) 2 (4.2)
NSAIDs 34 (27.9) 14 (29.8) 54 (24.5) 16 (33.3)
Macroscopic hematuria 122 (100) 47 (100) 160 (72.7) 25 (52.1)
<3 bleeds 54 (44.3) 23 (48.9) 68 (30.9) 15 (31.2)
3-10 bleeds 37 (30.3) 12 (25.5) 50 (22.7) 6 (12.5)
>10 bleeds 31 (25.4) 12 (25.5) 42 (19.1) 4 (8.3)
Past 5 years 63 (51.6) 12 (25.5) 78 (35.5) 7 (14.6)

Note: In Analysis 1, we compared on demand to >5 y of frequent prophylaxis. In Analysis 2, we compared the reference level, defined as on demand
and <5 y of prophylaxis, to >15 y of frequent prophylaxis. Patients on prophylaxis that was either infrequent or outside of the specified durations
were excluded. The numbers in parentheses report the number in the neighboring left column as a fraction of the total number of patients in the

corresponding treatment category.

Abbreviations: EGFR, estimated glomerular filtration rate; IQR, interquartile range; NSAIDs, nonsteroidal anti-inflammatory drugs.

TABLE 3 Association between macroscopic hematuria and
prophylactic treatment, adjusting for risk factors

Analysis 1 (n = 235) Analysis 2 (n = 285)

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age 0.98 (0.95-1.00) .08 1.03 (1.01-1.05) .007

Frequent 0.38(0.18-0.76) .008 0.29 (0.16-0.54) <.001
prophylaxis

Infrequent 1.43(0.60-3.50) .43 0.87 (0.34-2.26) .78
prophylaxis

NSAIDs 2.37 (1.46-3.85) <.001

Severe 2.68 (1.49-4.80) <.001
hemophilia

Note: This table shows the results from the 2 separate logistic
regression models. In Analysis 1, the dichotomous response variable is
whether the patient experienced hematuria within the past 5 years. In
Analysis 2, the ordinal response variable is the number of macroscopic
hematuria episodes. The variables in the first column are the covariates
for each model.

Abbreviations: Cl, confidence interval; NSAIDs, nonsteroidal anti-
inflammatory drugs.

are robust to our specific choice of cutoff in Table 3. Only when we
included all patients on prophylaxis, including those who started
<5 years ago, did the effect become statistically insignificant. The
strongest effect (lowest OR), highlighted in bold, corresponded to
the cutoff choices in Table 3.

3.4 | Frequency vs. number of infusions

In the regression models above, we found that the efficacy of proph-
ylaxis with respect to reducing the risk of macroscopic hematuria
depended on the frequency of treatment. It is natural to investigate
whether it was the frequency or the number of infusions that consti-
tuted the effective treatment. We estimated a linear regression with
the reported annual number of infusions as the dependent variable
and the reported frequency per week as the independent variable.
We found an almost perfect linear relation with a coefficient approxi-
mately equal to 52 with P value <2e™%¢. Hence, the 2 measures provide

virtually the same information. We have focused on the frequency,
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TABLE 4 Association between frequent prophylaxis and number of macroscopic hematuria episodes for varying duration of treatment

Years of prophylaxis treatment

>20y >15y

>10y >S5y >0y

Reference level OR (95% CI), (n) OR (95% CI), (n)

0.34(0.17-0.68), (218)
0.32(0.16-0.62), (268)

0.32(0.17-0.60), (235)
0.29 (0.16-0.54), (285)

On demand

On demand and
<5 y prophylaxis

On demand and 0.33(0.17-0.64), (300)  0.31(0.17-0.56), (317)

<10y prophylaxis

OR (95% Cl), (n)

0.34(0.19-0.61), (256)
0.31(0.19-0.55), (306)

OR (95% Cl), (n) OR (95% Cl), (n)
0.48 (0.29-0.80), (288)  0.68(0.43, 1.06), (338)

0.44(0.27-0.72),(338) -

0.33(0.19-0.56),(338) ... -

Note: This table shows odds ratios for frequent prophylaxis from separate ordinal regression models with varying cutoff values for long-standing
prophylaxis and varying definitions for the reference level. The first column shows the reference levels, while the headers indicate the cutoff values
for years of prophylactic treatment. The number of observations for each model is in parentheses.

Abbreviations: Cl, confidence interval; OR, odds ratio.

as we place greater confidence in patients and physicians correctly

reporting frequency than an estimated number of annual infusions.

4 | DISCUSSION

While different strategies for factor replacement exist, the primary
aim in hemophilia treatment is to reduce and treat bleeds. This study
found that dosing frequency and duration of prophylactic therapy
was associated with fewer episodes of macroscopic hematuria in
aging people with hemophilia. Several pediatric studies have recog-
nized the benefits of primary prophylaxis, which is now the preferred
treatment for young individuals with hemophilia to prevent joint de-
struction.'® Fewer studies exist for the increasing adult hemophilia
population. Collins et al?® and Valentino et al*! reported on the safety
and efficacy of prophylaxis compared to on-demand and showed re-
duced bleeding rates in the prophylactic treatment groups. In ad-
dition, both the Prophylaxis Versus On-Demand Therapy Through
Economic Report (POTTER)?? and the Trial to Evaluate the Effect
of Secondary Prophylaxis With rFVIII Therapy in Severe Hemophilia
A Adult and/or Adolescent Subjects Compared to That of Episodic
Treatment (SPINART)?® studies demonstrated a significant reduc-
tion in joint bleeds and less joint damage when using prophylaxis
compared with on-demand treatment. However, these studies fo-
cused on joint disease and included mainly adolescents and young
adults. In contrast, our study included only older people with he-
mophilia and compared occurrence of macroscopic hematuria for
patients receiving different factor replacement therapies.

Our hypothesis was that frequent prophylaxis could prevent
episodes of macroscopic hematuria by ensuring higher peak factor
levels and increased plasma factor levels for a longer time between
treatments.?* We assumed that an effect from prophylaxis was only
statistically observable if administered for a minimum duration. As
there were only adults in our data, individuals with few years on their
current prophylaxis regimen must necessarily have received on-de-
mand treatment most of their life. For example, if a 70-year-old pa-

tient has received on-demand for 69 years and frequent prophylaxis

for only 1 year, the observed statistical effect on macroscopic hema-
turia would presumably be indistinguishable from zero in a sample
of our size. In contrast, if a patient received frequent prophylaxis for
the past 20 years, this duration should be sufficient to observe an
association.

In the first model, in which all patients have a history of macro-
scopic hematuria, frequent prophylaxis was a significant covariate,
and >5 years of treatment with frequent prophylaxis was negatively
associated with the condition reoccurring. In the second model, we
studied the effect on the number of hematuria episodes of >15 years
of prophylaxis compared to on-demand therapy or <5 years of
prophylaxis. Consistent with our hypothesis, we found frequent
long-standing prophylaxis negatively correlated with the number of
episodes of macroscopic hematuria, suggesting a beneficial effect
from maintaining an adequate factor level over time.

The significant risk factors were not identical across the re-
gression models. In the first model, in contrast to the second, all
patients had a history of macroscopic hematuria, and hence any
risk factor responsible for the initial presence of the condition
could have been equally distributed among those with an episode
in the most recent 5 years and those without. This could explain
why NSAIDs and severe hemophilia appeared as risk factors only
in the second model.

The long-term impact of hematuria on renal function is uncer-
tain in people with hemophilia. Suggested causes of renal damage
induced by macroscopic hematuria are toxicity of hemoglobin,
heme, or iron released from red blood cells via oxidative stress.
In addition to being cytotoxic, heme can promote renal damage
by inducing inflammation and fibrosis.2>?® Multiple episodes
of macroscopic hematuria are associated with a decline in renal
function and progression of chronic renal disease.?’?? Reducing
macroscopic hematuria may thus improve renal function and limit
future renal damage. Although management of macroscopic he-
maturia depends on etiology, the recommended initial treatment
is increased fluid intake, either orally or by intravenous hydration.
For persistent macroscopic hematuria, use of factor concentrate is

the appropriate treatment.®
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4.1 | Limitations

This study has some limitations. We acknowledge that causality cannot
be inferred from these cross-sectional data. However, the timeline of
certain events is deducible, and we believe associations obtained while
considering this can provide important probable evidence. Properly
measuring and comparing the outcomes of the 2 treatments, and en-
suring no systematic differences among the treatment groups, would
require a randomized controlled trial. Since we have no information
regarding the reasons for the physician's choice of either on-demand
or prophylactic therapy, we cannot rule out bias in the choice of treat-
ment. We can only identify associations between type of treatment
and macroscopic hematuria. A possible limitation is that, apart from
blood, certain foods and drugs may cause red urine discoloration. We
have assumed that patients and physicians have ruled out other prob-
able causes before recording macroscopic hematuria in the case report
form. To minimize recall bias, a ratio scale rather than exact numbers
was used for the lifetime number of macroscopic hematuria episodes.
Patient reporting was supplemented with information from existing
medical records. Although prostate cancer was reported in only 6 pa-
tients, 2 of whom were in remission or without relapse, it is a limita-
tion that the case report form did not capture prostate pathology, such
as benign hyperplasia, as this condition may be associated with either
micro- or macroscopic hematuria. Furthermore, we had no data on pa-
tient pharmacokinetic analyses and expected trough levels. On aver-
age, prophylaxis treatment was 26.4 units/kg for the total cohort, with
25.3 units/kg for hemophilia A and 33.5 for hemophilia B. However,

according to Collins et al®!

, and consistent with our hypothesis, fre-
quency of dosing has a much higher effect on factor trough levels and
time per week with increased plasma factor levels than the infused
dose. Another limitation was that most data were collected retrospec-
tively. These limitations notwithstanding, the H3 study®? represents a
comprehensive multicountry hemophilia sample that adds to the gen-
eralizability of the strong association between frequent prophylaxis

and reduction in occurrence of hematuria.

5 | CONCLUSION

In this study, frequent prophylaxis was negatively associated with
occurrence of macroscopic hematuria compared with on-demand.
Infrequent prophylactic treatment had no significant effect. This is
in agreement with the current consensus®? that lifelong prophylactic
therapy should be the standard treatment for people with hemophilia
(Table S1).
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